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PW3RESS REP(RT ON THE ESTABLISHMENT OF A

METH00)L06Y F(M ?REDICTIliGLIFETIMES IN

ACTIVE SCIIARSYSTEM5*

by

John 6. Avery

Los Almos Nattonal Laboratory

LoS Alamos, New MMfCO 87545

ABSTRACT

Real-time field site and accelerated laboratory data
have been generated for five comrclally slgnlflcant
metal/fluld combinations founclin active solar Systarts.

I. SUMARY

Five active field sites hav~ been chosen with the folloulng mtal/fluid

ccinblnatlons:

Copper/unlnhlbltad, degraded propylane glycol,
:: Alumlnun/unlnhlbited, dagraded propylene glycol,
3. Copper/lnhiblted ethylent!glycol (high-ttmparature absorption

coollng),
4. 444 stalnloss steel/water, &nd
5* Copper/lnhlblted propyltno glycol [medium ttunpcraturedcnrmstlchot

water (DHU)].

Solar Heat Technologies.
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Concslon data, fluid data, and operating data have LM:n collected at

the above sites. Accelerated laboratory conoslon tests have been cmpleted

om the mtal/fluld ccumblnatlonsllsted above.

II. INV?OCUCTIOK

Three factors Mter Into the life-cycle cost of acttve solar systems:

syst~ efflcl~cy, cost, md llfetlu. CM the ttne, Ilfetlx has been the

mst dlfflcult to quantify becMsQ of the tins Involved In real-tfme testing.

Because comoslcm Is one of the ❑ain factors thdt governs active solar

system llfetlre, and because nuch laboratory-generated corrosion data exists,

Los Almos ?nltlated work In 1982 to develop a methodology for predicting

active solar lifetimes using real-tla field data collected over a relatively

short (l-2 yr) time periixl. In addltlcm, accelerated testing similar to the

propaed ~rlcan Society for Testing Materials (ASTM) nuthod was performd

using the metal/fluld canbinations fomd in the field sites that were

nmnltored.

Last fiscal year we developed an lne~penslve, automated, data collection

systan, and Installed the data system and conosion samples In field sites

that have the commercially mst significant metal/flu~d combinations.

Addltiocally, w developed methodology to canpare llmlted field data with the

rm.ichlarger amount of laboratory data. This may, In tha future, pemnlt

prediction of actual lifetinws frun laboratory data.

The proaress of this wrk in FY-1983 Is described In the following two

scctlons.

III. FIELO-SITE OATA

A. Field-Sites Established

The follo~lng field sites were chosen as they provide a good

representat:oilof the cmnerclally significant matal/f)’uldccrnbinatlons.

1. Los Alamos Solar Laboratory Sit@ No. 1. This site is a clostd
systen using a coppor collector ~d pltiing #ith a fluid of
uninhibited degradad propylene glycol. This $ystom has been running
sinct July 1982. and the first swles have bm analy~ed.

2. Los Alamos Solar Laboratory Site No. 2. This sit~ Is a closed
system using an alumlnun coll~ctor and copper plumblng with
uninhibited degraded p“opylane glycol fluid. I’hlssystem started
operation in Octolnr 1982.

2
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3.

4.

5.

Cat7al Solar Plan”),ft. Polk, Loufslana. This systi mvi~s
hmtfng md coolln~ for 40 fUlly housing units. It consists of
04Kl ft2 of ●vauatid tub. CO11●ctor’s(6en@ral flctrlc TC-lW)
In a closod sys~ witi a h-t transfer fluld of 20t I*lblted
othylone glxol (Pruton@ II@) and -~r in co~w plublng and
collectors. kples have been In place slnco &igust 1MJ2.

Bachelor Offfcms Qw~rs, Mll Is Air Fores Mse, Las V.
Mvada. TThis is a W systia bhru W collectors (600 ft )‘are
TypQ 444 stainless SW1 with coppar p’ping. TIM fluid Is -stfc
water with freeze protection provided by mclrculatfon. samples
hwc been in placo sine. July 19B2.

LQS Ala-s Sumort Offfc@ Buildfn~. This Is a da-stfc hot water
(DHi) system ~th W R2 of colroctor. 7%9 SYStirnIS closti and
uses a heat &ansf@r flufd of 602 f~iblted propylono lycol

f(tkwfrost@) snd SO% wstar wfth co~cr plu~fng and CO1 octurs.
Suplcs Iwo bem In place sinca Fobrua~ 1S82.

$ftes 1 and 2 fulfill two mods.

1. The hlghor conos~on ratis wI1l allm collactlon of flold data wor
a shorter tiw thM would systems with good flufd.

2. Tho rati of comxlon fn systims ufth tigradtd flufd uust be
detenslnti, as this dictates tho flu+d+alntolmc. schedul~.

B. Details of Fl@ld Tostfnq

The partfcul~rs of the ff~?d testft?garo u folltis:

1. Specfnmn pr,paratfon. %plos for the sitas roqufrfng copper art

mad fra 5/8-in. o.d. Type L coppw wat.ar‘~ba. On@-fnch~long smplos ar~

cut, dabumed, and stamped, afte~ khtch they art cloanad with acotonQ; th~

orlgfnai surfac~ fs utlllzd. Each SMPIU walght Is recorded to th~ noarast

001 Rg, Aluminum samplas arc mchlned from llW cold drmm bar lnw 5/8-in.

o.d., l/16-in. wall, l-in.-long sauples. SamplM of 44$ stafnlcss steel were

cut fr= a n~ colloctor. Tho sample was sheet wtal @xpanded inti an X with

tho som weld at tio Interscc?fon nf Me legs. All smples are ❑owtti fn

Teflon holtirs; som samplds are suwoundd by a Taflon ring with 0.005-in.

clear~ca b 411* crovlco cowoslon.

2. Test apparatus.

a. Test mnlfold. SaIUplm aro Socur)adIn a bypus mnlfol d attached

atip a colloctor bah In each of the ffold sites. F1w 1s reroutod through

tho bypass; remval

shuttfnJ #o systmn

of tha bllnd hang@ pomits retrfuvul a? sampl~s without

down.
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b. Test Qcle. The operttfng paranters of the systim relevant ~

COWOSIM are gluld condltlon and fluld t~ortture. Fluid condlt!on 1s

mnftored by taking fluld samplas perlodlcally, and fluid ~rature Is

monitored by a the~aIple probe In tho manifold. Addltlonally, the systan

fs mnltored to tit8ruf M ff It IS actually operating. Ccmparlson of

~rature and operational condltlon of th systm allw deterntnatlon of any

parfods of stagnation. The oporatlng deti Is fntigrated b provide total tl~

in various ~rature reglns. The ●utmeted data CO1lectfon system used to

p~rfom the above~ntloned tasks fs described In Sec. C.

3. Sjml- evaluation.

a. Uefght-loss datemlnatlons. As corrosfon cwpoms are received frcm

the field, the scale Is r~ved and treated In t ❑anner prescribed In ASTM

Standard Practice 6-1.

c. LcwCost Autmated Data Collection

Collectlcm of data frcm those ffeld-sys~ms’ operating paranmters that

Influence conoslon Is desfrtblc to assure the capabll Ity of quantlfylng

corrosion In a manner to allow comparison of field tests with laboratory

tests ● The data-collectlon system usti by Vitro Corporation In the !latlondl

Solar Data NetwW (NSDN) could have been mdl fled to -t these needs, but

ttm basic @xpense of tho syst~ wts prohibitive. No fnexpenslvo systems were

available on the mrket. For this rmson, the Los Alams National Laboratory

Solar Enerw SectIon of tho Advanced Englnaarlng Technology Grwp developed

Its *n lou-cost system.

Tho data-collection systim conslsts of an ApplQ 110 ccqmtar with 48k of

memry, &n A/0 convartir bard, an 8-chann@l multfpl@x@r, and a slgnsl

cooaltlonlng &vIce. Inputs for Ump@ritur@s, PUP on/off, etc., are fed in

as voltagas and are ampllffed w tllti greater accuracy; tho analog signal Is

then convortid W bits.

The softwsre developed for this app’

seconds and an avwago fur aach 10+alnuta

Evwy 24 hmrti ttm values in the computir

data Is collocted fras th~ fl~ld by r~plat

fcation raads the sensors every 15

fnt.arwalIs stored In tic computer.

are stirod on a floppy disc. The

Ing tha data-collection disc

p~rlodlcally with a nw disc containing tho data-colloctfon program,

4



tfw perfod (h)

tf- fn temperature rm~ (%)

>111 < 12

>112 c 13

>IT3 < 14, ●tc.

pup al (%)

The tital cost of thfs sys~m fs approxfrntily

mft Is constructed In ● package that sonm both as

shipping contiiner.

D. Field Site Data Coll@ctad

1. Los Alanms Laboratory Site NcJ.1. This site is a closed loop systim

using a copper collector md plhlng with a fluid of uninhibited tigradod

propyl~ne glycol. Because tlm site fs mfnulnad and opora~d

SectIon, this sfte has experienced no dmmthe or data-collect’

As Table I shcm, no significant ch~ges oaumrd in the fluid

●xception of iron md, to a ■inor tigree, copper. Uoight 10sS

Table 11,

The corrosion rati for copper In thfs systitncontradicts

by the Solar

on problam.

with the

is detafled in

the presently

hold cacopt that tigraded glycol causes greatly fncroased corrosion of a

mgnltude b signlffctltly shorten systim 11fe. Copper corrosion rata appears

In F~g 2. Ffgur@ 3 shorn UM oporatlng data for thfs systaa. The hfgh

perccnuge of tim the pwnp fs off at operatlng Wmperaww occurred becaust

no check Vdl V@ was pr@SUnt ti pr SOnt ti8~OS@OIIli19 at nj @t.

1
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61ycol Type

% glycol
pH
Reserve
Alkalinity
M ppis
Cu ppal
Fe ppm
Al ppm
B p~
P ppm
K ppm
cl- ppm

TABLE1

FLUIDCOMPOSITIONSOF DEGRADED PROPYLENE6LYCOL/COPPER
(UEST L~P)

1982 1983
M Dec ● Feb. A&&- June fi=

Propylene

53.0 56.7 60 59 59 39.1 59.1
3.0 4.3 4.2 4.2 3.9 4.0 4*O

o 0 0 0 0 0 0
1.4

<0.1 <0.1 0.58 0.84 0.12 0.35 <0.2
0.3 0.6 196 217 268 275 278

<0.1
4.0

<0.1
5*3
3.5

TABLE II

WEIGHTLOSS FOR lYPE L COPPER IN DHN SYSTEM CONTAINING
UNINHIBITED DEGRAJED PROPYLENEGLYCOL (WEST LOOP,)

TiIM (fhJfS) Height 0ss
!

J!!!UW_

068
1:: 2.60
la 0.43
240 0.54
3(N 0.55
360 0.67
420 0.65

2. Los Almos National Laboratxmy Site No. 2. This site is a closed
IMP SYstm ~fth M al~fn~ collector and copper pl@lng u$fng a fluidof

un?nhlbfteddegraded propyl.neglycol● The site has been running since April

1983. As WIth site No. 1, local operation and maintenancehave preventedany

downtfmeon efther the solar loop on the dtiti-collectionequipment.

The corr~sfon attack on thfs syttem fs not unfformbut fs char~cterfzed

by extensfveplttfng. Flufd, corrosfon,and operatfngdata can be seen on

. .

Tables 111 and IV and Ffgs. 4-6.
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TA8LEIII

lW

April JIMO m Ckt.

Glycol Type

% GIJKO1
W
R8serv@
Alkalinity

Map
Cu ~
Fo ppm
Al w
lBppla
Pppm
Kppa
cl- ppln

Propylerm

46 46 47 47.6
4.0 4.1 4.1 4.1

0 0 0 u
4

0.6 <0.2
::: 11; lW 137

<0.1 <0.0s <0.m <0.05
2.0

<0.1
8.2
5.0

TABLE IV

WEIGHTLOSS FOR 1100 AllHINUM IN REAL SYSTEM CONTAINING
UNINHIBITED-DEGRAOED PROPYLENE GLYCOL

Tim (fhy$) Height 0SS
h(q/cm )—f—

1.16
1% 1.75
lm 1.77

3. Central Solar Plant, Ft. Polk, Lwisfana. Thls SltQ IS a closed

loop systas using copper pl~ing ad inhfblted ethylmo glycol. Tho

evacuatid tube collectors C11OU the hoe t transfer-fluld to reach 220”F.

Tabl@ V shows tic fluid canposltlon at various tfm Intewals at Ft. Polk;

Tablo VI shws walght loss for tho copptr In th~ system. Flgurc 7 gives fluid

data for the systm, Fig. 8 shows tho coppor corrosion rata, and Fig. 9 shins

the operatfng data.



TABLEv

FLUID ~OSITIONS OF M#B&’ED)ETHYLEM 6LYCOL/COPPER
.

1%2

A!!S&L v.
1983

BY Nov.

61YCO1 Type

;“61ycol

Resewe
Alkallnlty

Nap
Cu ppal
Fe ppm
Al w
BW
P ppm
K ppm
Cl- ppm

Ethylene

15.9 16.0 17.1 18.1
7.89 8.2 7.9 7.7

2.1
439
1.4
2.3

<0.05
135
227
46
4.0

2.1
339

::;
<0.05

;:
88
4.5

2.2
422
2.5
5.3

<0.1
159
247
58
11

1.9
494
<0.02
0.06

<0005
83
67

?!

TABLE VI

UEIGHTLOSS FOR COPPER IN A HIGH-TEMPERATURE SYSTEM CONTAINING
INHIBITED ETHYLENE &YCOL

(FT. POLK)

Tlu (Days) Ueight oss
i(lsg/m )

120 0.507
0.512

i: 0.593

4. Bachelor Officers’ Quartirs, Nellls WB, Nevada. This systiln

utlllzasType 444 stainless st~~l with copper pltilng; the fluld Is domestic

water. ThewaWr composltlon, shcwn In Table VII, has been calculatedby use

of the Ryznar Index to be neither scaling nor conoslve. Table VIII gives the

stalnloss steel ~lght 10ZS over the exposure period of 12 nm)nths;Ffg. 10

shows the steel conoslon raw.

Theoperatlng data (Fig. 11) shu that the system Is running almxt

continuously. In August 1983 the system was shut dowm for modlflcatlon b

correct this as w1l as other problems.

8



TABLEVII

Nappa 27
SI ppm 2.4
lh~

7
2:;

c 71 9.8
TDs Bg/1 624
Total hardness, n@l ; 143 (as tiC03)
Blcarbaatm, og/1; 50 (as CaC03)
Total alkalfnity, mg/1; 75 (as CaCO~)
PH 8.2

TABLE VIII

HEIGHT LOSS F~ 444 STAINLESS STEEL/DOMESTIC UATER IN DHUSYSTEM
(NW-IS BOQ)

Tlm (Days) Ueight 0ss
k(mg/cm )

0.065
2: 0.123
360 0.131

5. Los Alarms Support Ufflce Bullding (Otoui). This sys%n, using 3000
A

ftd of flat plati collectors b supply Dtlh,Is a closed loop and util~zes a

50% mixture of lrhlb:W propylene glycol md water with copper collectors and

plumblng.

This systinlprovides a good example of the reliability/nmlntainablllty

problems that plague active systems. Comosioa samples wre installed in

February 1982; since that tlmo the system has lost Its heat-transfer fluid

three times because of various problems ~d has been nonoperational for almost

12 mnths. Occuming priwrily frm mid-1982 ti mid-1983, such loss of fluid

caused stagnation md necessitated replacement of the fluid. The loop is ncw

rmning trouble frae. Table IX describes the”systim’s fluid composition;

Tablo X shows the weight loss of coppar in the Otowi Building systun. Figure

12 contains fluid duta on this copper/inhibited propylene glycol system and

copper corrosion rati can be feud in Fig. 13.

9



Ffgura 14 shws operatfng data for the system; som tlw fn the

stagnationngion can be observed.

TABLE IX

FLUID CUWOSITION OF INHIBITED PROPYLEME GLUX!L IN
LOS ALAMOS SUPPORT OFFICE BUILDING(OTOtiI)

1983
Nov.&—_

61YCO1 Type

% glycol
pH
Reserve
Alkalfnfty
ml/1
Ha ppm
Cu ppm
Fe ppm
Al ppm
B ppm
P ppnl
K ppm
Cl- ppm

70.1 “
8.5

7.4
16
1.5

:.05
13.6

1477
2184

1.0

69
8.5

503
26
2.1
<0.5
<0.05

658
1948

1●o

TABLE x

UEIGHT LOSS FOR TYPE L COPPER IN DHW SYSTEM
CONTAININGINHIM;::l;ROPYLEME GLYCOL

10



IV. ~ELERATED WAT~Y MTh

A. Oettlls of Laborato~ Testfn~

The particularsof tho IaboratiryL =tlng are discussedbelw. The

labor~to~ testingwas prfo- by 01in Wtals Research LaboratorybinderWE

contiact,and umltorad by th~ Los Alams Solar Ener~ WaIp. TM -tal/flu+d

cdlnaticms prcsant in the fl.ld sftes wre testad by Olln; the Wclmlcal

detafls of the tist are as follows.

1. Specl-n preparation. Rectangul●r copper coupas mre sheared frw

O.76-M (0.030-in.) gwge sheet of a 1/4 hard -per. Al~lna 11~ was

simflarly fabricatedfr~ streetIn an A-12 temper; s-l was similarly

fabricatedfrcm cold rolled stock. Test specfmensware prepwed utlllzlnga

tm-dle stamping operation; detaminlng speci=n dlmnslons and securing hole

lccatlons are show In Fig. 15. Metal surfaces md ●dges ware lf~tly abraded

with 600-grit silicon carbide paper b r~ve surface scratches and smared

metal . Identlfying CCIdaS

masured. Test specimns

volme per cent (v/o) HCl

before fnltlalweighing.

W the nearest 0.01 mgo

“werestmpd on specimens rnd actual surface areas

wre &greased and Iumersed In an Inhlblted 10

solution to remove thermal- and air-fomed OXI*S

After thorwgn rinsing,

2. Test cel1. Test speciuns were secured

dim ceramic holders by use of co~-r wire pins.

speclflcal1y sel●cted to provide a crevice at the

tist speclnwns wre wf ghed

b slotted 2.54-cm- (l-In.)

The slotted gecmetw was

attachmnt site. The

ceramfc holders, fn turn, were secured b a tltanlun shaft with copper wfre

pins. The t:tanluinshaft was connected b a nylon cover with a stilnless

steel collar and bearing systtu.

Ufth external gearing and drive rotor,,the shaft ass~lfcs were rotitid

latirally thrcxighthe heat-transfer liquids at a rate simulating flold service

comdftlons [nwtal-to-fluid speed of approxl~tily 0.5 m/$ (1.7 fps)]. TO

sfwulate draindwn, a tltanim tube was extended fnti a given test cell and

connected externally b a plastic reservoir by sflIcone tubing. For the

dralndown-type liqulds, fluld was transfemed dally between the cell and

resewolr. Hfth the exception of sinula~d stagnation Wstlng, speclmns

remafnd completely Iumrsed fn all ncmdralndown configurations for the

6-umnth test period.

11



3. Oafly test cycle. Up to 20 Individualtest cells could be contained
in a large,regulatedtemperaturebath. Illtnthe use of a recoroer-

controller,the temperatureof the bath went through a daily cycle similar to

that shown in Fig. 16. Although this schedule approximatesthe thermal cycle

of a flat plate collector,the selectionof a 93*C (200*F)maximum daily

temperaturewas Intendedto make the test slightlymore aggressivethan most

currentfield applications. It should also be noted tnat the daily dralfidown

(pofntDj) md refill (point H) were only ~tillzadfor fluids with a freezing
polnt

daily

shaft

above -4°C (25”F). 8oth the thermal and dra~ndowncycles were repeated

throughoutthe 6-mOnth test duration.

4. Simulatedsta~nation. Every two weeks throughoutthe trot, each

assembly(includingthe ceramic holders and wetted copper specimenS)was

pldced In an autoclaveand exposed tQ a 204°C (400”F) temperaturefor 4

hours. This procedureprovided a simulatedstagnationexposurefor metal

couponswltn a thin llquid film. Bulk SOlutiOns did nOt undergo any SimUlated

stagnationtesting;however, sev~rely degraded propylene glycol was included

as one of the test fluias to allow comparison with field sites at Los Alamos

using the same degraded fluid.

Figures 17 through 21 snow tne accelerated test results fOr

copper’/uninhibiteddegraded prcpylene glycol, aluminum/uninhibited degraded

propylene glycol, copper/inhloited ethylene glycol, 444 stainless steel/water,

and copper/inhibited propylene glycol, respectively.

v. 1984 CONTINUINGWORK

In 1984 we are continuing to obtain data from most of the sites.

Adaitlonally, we have added a drainback active system that is generating data

in the same manner as the sites reported on here.

Fcr sites with already adequate field data, we will be analyzing the

samples from both acceleratedand fi(!”ldtesting, comparing corrosion rates and

mechanisms in tne two types of LestS, and determining the acceleration factors

of the accelerated tests,
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Fig. -1.

Fig. 2.

Fig. 3.

Fig. 4.

Ffge 5.

Fig. 6.

Fig. 7.

Ftg. 8.

Ffg. 9.

Ffg. 10.

Fig. 11.

Fig. 120

Fig. 13.

Fig. ?4.

Fig. 1S.

Fig. 16.

Fig. 17.

Ffg. 18.

Ffg. 1!3.

Ffg. 20.

Ffg. 21.

Flufd data for copper/mtnhiMted degradea propylene glycol system.

Copper corrosion rate in copper/uninhibiteddegradedglycol systam.

Olwrating data for copper/urilnhib ited degraded F?owlene glycol
Sys tus ●

Fluid data for alumfnuMminhibfted degraded propylene glycol system.

Alustfmm corrosion rata in ●luafnt@unfnhfbfted degraded glycol
system●

Operatf ng data
sysw ●

fluid data for

for al1A nu@nlnhfbfted *graded propylene glycol

copper/fnhfbited *thylene glycol SYSWI (Ftc Polk).

Copper corrosfonrate in fnhfbitedethylene glycol system (Ft. Polk).

Operatfngdata for copper/lnhibftedethylene glycol systim (Ft. Polk).

444 Stafnlesssteel corrosfon rati fn domatfc wamr system (IJellfs
BOQ) .

Operatingdata for 444 sttfnless steel/domesticwater system (Nellfs
BOQ).

Flufd date for copper/inhlbftedpro~lene glycol sysMm (Otowf).

Copper conosfon rata fn fnhfbfted propylene glyco? system (Otowf).

Operatfngdata for copper fnhfbftedprowlene gl~ol systim (Otowf)t

Sfmulatad solar servfce test samples.

Oafly thernul cycle--sfnulatidsolar servfce test.

Corrosfon data of copper fn unfnhlbfteddegraded propyleneglycol fn
acceleratedtist.

Corrosfon rati
in accelerated

Corrosfon rate
test.

Corrosfon ra~

:~:1 umfnum fn unfnhfbfteddegraded propylene glycol
9

for copper ‘infnhfbftedethylene glycol fn accelerated

of 444 stiinless steel In domestfcwatir fn
accelerated test (Nellfs&-B).

Corrosfon rate of copper fn fnhibftedpropylene glycol ?n accelerated
test.
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